Draft version February 16, 2012 

Preprint typeset using I^TgX style emulateapj v. 5/2/1 1 



A TRANSIENT SUB-EDDINGTON BLACK HOLE X-RAY BINARY CANDIDATE 
IN THE DUST LANES OF CENTAURUS A 

Mark J. Burke', Somak Raychaudhury', Ralph P. Kraft^, Nicola J. Brassington^, Martin J. Hardcastle^, 
Joanna L. Goodger\ Gregory R. Sivakoff", William R. Forman^, Christine Jones^, Kristin A. Woodley*, 
Stephen S. Murray^-^, Jouni Kainulainen Mark Birkinshaw**, Judith H. Croston', Daniel A. Evans^, 
Marat Gilfanov Andres Jordan- ", Craig L. Sarazin'^, Rasmus Voss'\ Diana M. Worrall*, 

and Zhongli Zhang'° 

Draft version February 16, 2012 

ABSTRACT 

We report the discovery of a bright X-ray transient, CXOU J 132527.6-430023, in the nearby early-type 
galaxy NGC 5128. The source was first detected over the course of five Chandra observations in 2007, reach- 
ing an unabsorbed outburst luminosity of 1 - 2 x lO-'^ erg s"' in the 0.5-7.0 keV band before returning to quies- 
cence. Such luminosities are possible for both stellar-mass black hole and neutron star X-ray binary transients. 
Here, we attempt to characterize the nature of the compact object. No counterpart has been detected in the 
optical or radio sky, but the proximity of the source to the dust lanes allows for the possibility of an obscured 
companion. The brightness of the source after a >100 fold increase in X-ray flux makes it either the first con- 
firmed transient non-ULX black hole system in outburst to be subject to detailed spectral modeling outside the 
Local Group, or a bright (> 10^^ erg s"') transient neutron star X-ray binary, which are very rare. Such a large 
increase in flux would appear to lend weight to the view that this is a black hole transient. X-ray spectral fitting 
of an absorbed power law yielded unphysical photon indices, while the parameters of the best-fit absorbed disc 
blackbody model are typical of an accreting 10 M© black hole in the thermally dominant state. 

Subject headings: galaxies: elliptical and lenticular, cD — galaxies: individual (Centaurus A, NGC 5128) — 
X-rays: galaxies — X-rays: binaries 



1. INTRODUCTION 

The majority of confirmed black hole low- and high-mass 
X-ray binary (BH LMXB, HMXB) systems are transient 
sources that experience outbursts lasting from a few weeks 
to a matter of years. These outbursts are characterized by an 
increase in X-ray luminosity by many orders of magnitude 
from a quiescent state of Lx ^ iQ^o-i4 gj.g ^-i^ recurring on 
timescales of months to decades (for a review, see Remillard 
& McClintock 2006). The recurrent behavior of the persis- 
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tent luminosity, characterised by a rapid rise and exponential 
decay, is thought to be the result of accretion disc instability 
(Dubus, Hameury, & Lasota 2001). Research into Galactic 
BH LMXBs has revealed three common spectral states, be- 
tween which sources are observed to transit; a thermal state 
dominated by radiation originating in the inner-regions of a 
geometrically thin, optically thick accretion disk (Shakura & 
Sunyaev 1973), a hard state dominated by a power law with 
photon index T ^ 1 .7, and a steep power law state F 2.5 ex- 
tending to MeV energies where a significant thermal compo- 
nent is also present. The similarity of these states to the spec- 
tra of neutron star (NS) LMXB means that it is often impos- 
sible to fully distinguish between bright NS and BH LMXBs 
on the basis of luminosity and spectra alone. However, a dis- 
tinction can be drawn between the thermal states, which are 
typically much harder in NS systems than for BH sources. 
This is in agreement with the proposal that 'ultrasoft' spectra 
are a characteristic of BH sources (White & Marshall, 1984). 
NS systems, as a result of the presence of the physical sur- 
face of the compact object, experience behavior in the form 
of bursting, for lower-luminosity (Atoll) sources such as 4U 
1636-536, and flaring, for more luminous (Lx ^ 10^^ erg s"', 
Z-track) systems such as Sco X-1. 

Until recently only two transient NS LMXBs with Lx ^ 
LecUI were known, Cir X-1 and XTE J 1806-246. Cir X-1 is 
a peculiar NS XB with atypical spectral and timing behavior 
and was once thought to possess a BH primary, an idea which 
was confounded by the detection of Type-I X-ray bursts (Ten- 
nant et al. 1986, Linares et al. 2010). The transient nature 
of Cir X-1 is also unusual in that it is periodic with a period 
of 16.6 days and therefore thought to be the result of the ec- 
centric orbit of the donor star (Murdin et al. 1980), rather 
than accretion disc instability. The peak luminosity of XTE 
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J 1806-246, reported as Lx ^ 1-5 x 10^** erg s"' (Wijnands & 
van der Klis 1999), is based on a poor distance estimate (8 
kpc, based on a sky position coincident with the Galactic 
bulge). The recent discovery of transient NS LMXB, XTE 
J1701-462 (Homan et al. 2007), which experienced the full 
range of spectral and timing behavior observed in all other 
Galactic NS LMXBs (Lin, Remillard & Homan 2009, Sanna 
et al. 2010) during a ^ 600 day outburst, demonstrates both 
that NS transients can be as luminous as some of their BH 
cousins, and that the short-term variabiUty is fundamentally 
linked to the accretion rate of the system. 

The Chandra and XMM-Newton X-ray observatories have 
made possible the detailed study of extragalactic X-ray bi- 
nary (XB) sources during the last decade. Within the Local 
Group, WilUams et al. (2006) cataloged the properties of 45 
transient XBs in M 31, and found that most exist around the 
central bulge of the galaxy, suggesting that they are part of 
an older stellar population and therefore more likely to be 
LMXBs. More detailed studies of brighter transient sources 
(Trudolyubov et al. 2006) and the overall XB population 
(Stiele et al. 2011) show many soft sources, with absorbed 
disc blackbody temperatures kTm < 1 keV, and < 0.1 keV in 
the case of super-soft sources (SSS) that show no emission 
above 1 keV. Such low values of kTj,, are inconsistent with 
spectral fitting results for Galactic NS LMXB (e.g. Revnivt- 
sev & Gilfanov 2006) and are thus indicative of BH systems 
in the thermal state, while SSS are thought to be accreting 
white dwarfs (van den Heuvel et al. 1992, Kahabka & van den 
Heuvel 1997). It has been shown that the M 31 X-ray tran- 
sients are found in three distinct spectral groups at their peak 
luminosity (Voss et al. 2008), categorized as very soft, soft 
and hard, half of all the transients being hard. The ChASeM33 
project, consisting of 7 x 200 ks Chandra exposures of M 33, 
allowed source detection to a depth of 5 x 10^'' ergs s"\ and 
7 transient sources have been discovered, albeit only two with 
Lx > 10^^ erg s"' (Williams et al. 2008). 

Outside the Local Group, in the elliptical galaxies NGC 
3379 and NGC 4278 (Brassington et al. 2008, 2009), five 
and three sources respectively have been classified as tran- 
sient candidates (TCs). Three other sources in each of these 
galaxies have been identified as possible transient candidates 
(PTCs). TCs and PTCs correspond to observed changes in 
luminosity by factors of > 10 and > 5 respectively, and we 
note that some Galactic sources such as 4U 1705-44 (Homan 
et al. 2009) and 4U 0513-40 (Maccarone et al. 2010) are not 
transients but do show variations significantly > 10. All of 
these sources have hardness ratios and X-ray colors that are 
consistent with Galactic LMXBs. Follow-up spectral analy- 
sis on the bright, seemingly persistent sources in these galax- 
ies (Brassington et al. 2010, Fabbiano et al. 2010) yielded 
Lx ^ 10^^- 10^^ erg s"', with spectral fitting parameters con- 
gruent with known BH systems; the strongest BH binary can- 
didate had maximum and minimum unabsorbed luminosities 
of 1.2 X lO^'^ergs-i and 4.1 x 10^*^ ergs"'. 

For observational reasons, the XBs outside the Local Group 
that have been the most intensely studied are the Ultralumi- 
nous X-ray sources (ULXs), which possess outburst lumi- 
nosities in excess of 10^^ erg s~', together with other bright 
sources with luminosities typically > 2-3LEdd for an accret- 
ing NS. These sources represent a comparatively small frac- 
tion of XBs in the Local Group, with the solitary ULXs found 
in M 31 and M 33 being the only constituents of their class 
(Kaur et al 2011, Dubus & Rutledge 2002). Therefore, there 



TABLE 1 

ACIS-I/S Observations of Transient in Cen A 



ObsID Instrument Exposure 


Date 


Net Counts'' 


(ks) 


MJD (y-m-d) 





316 

962 

2978 

3965 

7797 

7798 

7799 

7800 

8489 

8490 

10723 

10724 

10725 

10726 

10722 

11846 

11847 

12155 

12156 



" For observations where the source was not detected, the Net Counts column 
represents the 90% upper limit placed on the net counts of the source in the 
0.5-2.0 keV band. For the detections, 90% confidence regions are shown. 
The position of the source is coincident with the ACIS readout-streak in Ob- 
sID 12156 and no upper-Emit was calculated in this instance. 

exists an asymmetry between the study of XBs inside and out- 
side the Local Group. 

1.1. NGC 5128 

Centaurus A (NGC 5128, Cen A) is the nearest optically 
luminous large early-type galaxy, situated at a distance of 
3.7 Mpc (Ferrarese et al. 2007), with Mb = -21.1. A small 
late-type galaxy is currently merging with Cen A, however, 
the galaxies remain poorly mixed (Quillen et al. 2006). The 
merger has resulted in the presence of vast dust lanes that ob- 
scure many of the central regions at optical and soft X-ray 
wavelengths (Graham 1979). 

Six 100 ks Chandra observations were taken as part of the 
Cen A Very Large Project (VLP) spanning the course of 2 
months (Jordan et al. 2007). These observations have allowed 
unprecedented insight into the X-ray jets (Hardcastle et al. 
2007, Worrall et al. 2008, Goodger et al. 2010), radio-lobe 
shock (Croston et al. 2009), extended gaseous emission (Kraft 
et al. 2008) and work on the XB, particularly in relation to 
globular clusters (Voss et al. 2009, see also Voss & Gilfanov 
2006 and Woodley et al. 2008 using pre-VLP data). 

Two transients in the field of Cen A have previously been 
studied. Sivakoff et al. (2007) discovered a previously unde- 
tected transient using VLP observations, CXOU J132518.2- 
430304. With outburst luminosities in excess of 10^' erg s"', 
it is by definition an ULX. CXOU J132518.2-430304 under- 
went a >770-fold increase in luminosity between quiescent 
and active states, with an outburst duration of >70 days. Spec- 
tral analysis coupled with HST observations strongly sug- 
gest that the source is a BH LMXB that transitions from the 
steep power law state to the thermally dominant state over 
the course of the VLP observations. Prior to this, Kraft et 
al. (2001) had detected a transient ULX, CXOU J132519.9- 
43031, {Lx ^ 10-^^ erg s~') within ^ 6" of a source detected 
by ROSAT over the course of 10 days in 1995. Spectral fitting 
suggested the source was in a steep power law state (see also 
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Fig. 1.— Location of CXOU J132527.6-430023 within Cen A. Left: A Gaussian-smoothed logarithmic-scale 0.5-1.3 keV (red), 1.3-2 keV (green) 2-7 keV 
(blue) image of ObsID 7797. Right: X-ray 0.5-7 keV contours of the brighter central regions of Cen A (Magenta) overlaid on Deep Sky Survey combined R, I 
and B band image of Cen A. 
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Fig. 2. — X-ray lightcurve (0.5 - 2 keV), uncorrected for absorption. Top: 
Luminosity is displayed with 90% confidence intervals (blue en'or bars) and 
with 90% upper limits from other ACIS observations (red arrows). A com- 
bined upper limit was obtained from the 5 ks observations (the seven arrows 
to the right). Bottom: Lightcurve of VLP observations. 



Ghosh et al. 2006). 



In this paper, we present the first detailed analysis of 
a sub-Eddington X-ray transient at Mpc distances, CXOU 
J132527. 6-430023, whose flux rose by more than a factor of 
100 from quiescence to outburst and reached peak unabsorbed 
luminosities of 2 x lO-'** erg s~' (0.5-7.0 keV) before fading 
back to a quiescent state by MJD 54250 (Table[T]i. We present 
evidence that this source is a BH LMXB and compare it to 
LMXB systems observed both inside and outside the Local 
Group. This source is clearly a bridge between more typi- 
cal Galactic and extragalactic XBs. Since Cen A is nearby, 
this is the only sub- (or ^) Eddington transient where we can 
perform detailed spectral fitting and attempt to classify the 
compact as a BH or NS. 

2. DATA PREPARATION AND ANALYSIS 
2.1. Preliminary Work 

An overview of all Chandra ACIS observations of Cen A 
can be found in Table [T] All of the 5 ks and 50 ks observa- 
tions of Cen A were taken with the Advanced CCD Imaging 
Spectrometer (ACIS) as part of the HRC Guaranteed Obser- 
vation Time program (PI: Murray). 

All the data were reprocessed using CIAO 4.3 and HEA- 
SOFT 6.11 with CALDB 4.4.2. All observations were first 
co-aligned to a precision < 0."2 based on the positions of the 
point sources detected using wavdetect and then aligned 
to the positions of confirmed Cen A globular clusters. This 
procedure will be fully described in a later paper CXOU 
J132527.6-430023 was detected in Chandra ObsIDs 7797, 
7798, 7799, 7800, and 8489. 

We measured the position of CXOU J132527.6-430023 as 
a = 13''25'"27.58'', 5 = -43°00'23"3 (J2000) with < O'.'l un- 
certainty (Fig.[Tli. The 0.5-2.0 keV lightcurve across the 100 
ks observations was generated using the ciao tool ap rates. 
The source flux was calculated based on a circular region of 
radius rp2 equal to 90% of the 2 keV PSF centred at the off- 
axis position of the source, and the background flux from an 
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Fig. 3. — Intra-Observation 0.5 - 2.0 keV lightcurves of the net intensity with 10 ks binning within the VLP observations. For the ObsID dates, see TabIe[T] 



annulus extending from rp2 to 3rp2. No other sources are 
seen to overlap these source regions, and no other rp2 source 
regions encroach on the background annuH. In Fig. |2] we 
present Hghtcurves in the 0.5-2.0 keV band, with the VLP 
(outburst) Hghtcurve shown in the bottom panel, while the 
top panel shows the overall ACIS Hghtcurve of the source. 
We restricted ourselves to this low-energy range due to the 
proximity of the source to the AGN. For the six 100 ks obser- 
vations, the mean photon energies per effective exposure of 
each 0.5-2.0 keV event were first calculated using ef f 2evt 
on both source and background regions and are then used as 
aprates input parameters. For the upper limits, the expo- 
sure times of the source and background regions were also 
used, aprates then performs a Bayesian analysis and re- 
turns the net 0.5-2.0 keV flux with a 90% confidence interval 
or count-rate upper limit. A combined upper limit was calcu- 
lated for the 7 X 5 ks observations and individual upper lim- 
its were obtained for each observation of exposure > 30 ks. 
The upper limits were then converted to 0.5-2.0 keV fluxes, 
uncorrected for absorption, using the Chandra X-Ray Center 
program PIMMS, assuming an absorbed power law spectrum 
with r = 2.0 and Nh = 0.084 x 10^^ cm'^ (i.e. a relatively 
steep spectrum for a quiescent LMXB in front of the dust 
lane). The source position is obscured by the ACIS readout 
streak in ObsID 12156, no upper limit was obtained in this 
case. With aprates, the combined upper limit on count 
rate was calculated by inputting the summation of counts, ar- 
eas and exposure times of the source and background regions. 
Measured fluxes and upper limits were then converted into lu- 
minosity using a distance of 3.7 Mpc. We recognize that a 
more recent measurement has produced a distance to Cen A 
of 3.8 ±0.1 Mpc (Harris et al. 2010), but we have used a dis- 
tance of 3.7 Mpc in calculations throughout this paper for the 
sake of consistency with earlier work. This said, the uncer- 
tainty of the distance measurement is much less than the un- 
certainties associated with the calibration and spectral fitting 
process, which therefore have a greater effect on our lumi- 
nosity measurement. ObsID 10722 is our lowest luminosity 
upper limit, > 3 x 10-^^ erg s"^ 

Several factors make CXOU J132527.6-430023 the best 
transient BH candidate in Cen A to study in the ^ 10^** erg s"' 
regime. It is clear that it is observed in both outburst and 
quiescent states during the VLP observations. Basic observa- 
tional criteria regarding the source are satisfied; the source is 
always in the field of view, far from the ACIS chip edges and 
has the required counts to perform meaningful spectral anal- 
ysis. Our work, currently in preparation, shows that no other 



source, observed to be transient in Cen A during the VLP, 
is as bright in as many observations while also undergoing 
such a dramatic change in the mean flux (Fig. |2]i, as CXOU 
J132527.6-430023. 

Before the extraction of spectra, we investigated the intra- 
observation variability, by extracting a count-rate Hghtcurve 
of each observation, to test if the source was active through- 
out a given observation, or was prone to more discreet behav- 
ior. In Fig. [3] we present the intra-observation 0.5-2.0 keV 
Hghtcurve, with count-rate grouped to 10 ks bins. The mean 
intensity has substantially diminished by the time of ObsID 
8489, approximately 20 days after the previous observation. 
A simple ^ test showed no significant variations from the 
best-fit straight line for any of the 100 ks Chandra pointings 
binned to 10 ks. 

2.2. Possible Counterparts 

We investigated the possibility of detecting a counterpart 
to CXOU J 132527.6-430023 at other wavelengths. We ex- 
amined B and R band images from recent observations (Har- 
ris et al. 2011) with the Walter Baade Telescope and the In- 
amori Magellan Areal Camera (IMACS) and found no point 
sources coincident with the position of the transient. Further 
investigation using an HST WFPC2 observation, U4100108M 
(F814W) showed no optical counterpart. However, the posi- 
tion is coincident with the edge of the dust lane. This being the 
case, any attempt to perform optical photometry on the source 
position will be inconclusive. The nearest globular cluster that 
has been spectroscopically confirmed as belonging to Cen A 
is - 30" away from CXOU J 132527.6-430023 (Woodley et 
al. 2007). However, no clusters have been detected within 
the radial distance of the transient from the galaxy center, as 
a result of the high stellar luminosity within ~ 1 .'5 of the Cen 
A nucleus, in tandem with the heavy obscuration by the dust 
lanes. 

A 2007 June Very Large Array 8.4 GHz observation us- 
ing the A configuration, obtained just one week after the final 
VLP observation, places a 3(t upper limit of 0.13 mJy on the 
radio emission at this position. Further to this, it has been 
confirmed that no radio counterpart has been detected in any 
other VLP observation (Goodger et al. 2010). Galactic tran- 
sient XBs frequently show evidence of jets during outburst 
(see Fender 2005 for review), and have a clear relationship 
between the strength of the outburst X-ray luminosity and the 
flux density of the radio emission. Sources typically possess a 
flat radio spectrum, with flux densities ^ 1 - 1000 mJy when 
scaled to 1 kpc. Scaling this to the distance to Cen A, suggests 
that the expected flux density of a typical counterpart would 
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lie in the range 0.07nJy to 0.07/iJy, far smaller than our upper 
limit. Cyg X-3 is a HMXB where the evidence of a BH is 
fairly strong (Shrader et al. 2010) and has been seen to emit 
strong radio flares of up to 20 Jy from an assumed distance of 
9 kpc (Corbel et al. 2012); at the distance of Cen A such an 
outburst would be detected above our upper limit. Therefore 
a radio detection of an XB counterpart in Cen A would point 
towards a high mass companion. 
EJ. 



10' r 




-3 -_ 



1.0 2.0 3.0 4.0 5.0 6.0 7.0 

Energy (keV) 

Fig. 4.— Spectra of the four briglit VLP observations of CXOU J132527.6- 
430023. Spectra subsequent to 7797 are offset in y by a factor x5"", where 
n=l for 7798, n=2 for 7799 etc. Spectra values and associated errors are 
represented by diamonds while the absorbed disc blackbody model is repre- 
sented by horizontal lines. Triangles show instances where the uncertainty 
was greater than the rate in the channel. 



2.3. Spectral Fitting 

Spectra and responses in the 0.5-7.0 keV range for each of 
the five observations where the source is detected were gen- 
erated, based on circular apertures of radius Vpi equal to 90% 
of the 7 keV PSF size at the off-axis source position. Back- 
ground spectra were taken from an annulus 2r^7 to 4rp7, mi- 
nus two overlapping circular Vp^ source regions corresponding 
to two faint sources that were only detected in the merged 600 
ks dataset. In the four bright observations, 7797 - 7800, the 
spectra were grouped to a minimum of 20 counts channel"' 
to allow use of the x^-statistic, whereas the spectrum from 
observation 8489 contained too few counts for grouping and 
fitting. All fitting was performed using XSPEC 12.7.0 (Ar- 
naud, 1996). 

While the large range in flux from the source negates 
the possibility of it being a background object, such as an 
AGN, it is prudent to check that the source is not a fore- 
ground flare star We tested this by attempting to fit an ab- 
sorbed thermal plasma model (phabs x a pec). For the de- 
fault settings (abundance fixed at 1.0) fit statistics for the 
spectra from Obsld 7797 to Obsld 7800 were xV^of = 
56.52/17,58.1/20,102.4/20 and 44.1/15 (x^ > 2), respec- 



TABLE 2 

Best Fit Parameter Values: phabs x diskbh Model 



ObsID 


Nh 

10^2 cm-2 


Flux" 
10-14 d 


kT,„ 
keV 


xVdof 


T a b c 

10'** erg s"' 


7797 
7798 
7799 
7800 


0.83ti 
33+0-27 


7 69+2-04 

7 qa+2.22 
'■"-'-1 49 
12 12+^-* 
4 30+'-^2 


65+0-" 

61+0 '2 
-».1Q 
51+0 w 

53+0 '3 


15.85/16 
15.18/19 
11.83/19 
11.75/14 


1 26+0-33 

1 99+0.82 

70+O 32 
"•'"-0.17 



" Spectral fits to the 0.5 - 7.0 keV band. 
Unabsorbed, from the XSPEC cflux parameter. 
Lx based on distance of 3.7 Mpc. 
ergs cm"2 j-l 



tively. Allowing the abundance to vary led to good fits, 
xl ^0.8-1.4, but the abundance tended towards zero, ap- 
proximating a pure bremsstrahlung spectrum. Coupled with 
an apparent lack of optical counterpart it is reasonable to dis- 
count the possibihty of CXOU J 132527.6-430023 being a 
foreground object. 

We followed the spectral fitting prescription of Brassing- 
ton et al. (2010), who developed a consistent approach 
to fitting the spectra of luminous LMXBs in NGC 3379. 
Absorbed single-component models, starting with a simple 
power law, are fit first, and the nature of these fits informs 
a decision on how to proceed to further fitting. Each observa- 
tion was individually fit in XSPEC with a phabs x powerlaw 
model, all parameters of which were left free. Success- 
ful fits were achieved for the four observations where the 
source was bright, with the largest ^ l-l- The fitting 
yielded quite high values for the photon index, F ^ 3.7- 
4.7, while the absorption column was above the Galactic 
value of A^H = 0.084 x 10^^ ^n-^ (Dickey & Lockman 1990), 
with Nh ~ 0.9 - 1 .7 x 10^^ cm"^, also larger than the inferred 
ra nge o f the dust lanes and in the 2" vicinity of the source 
(§ 12.2b . The results of the simulations of Brassington et 
al. (2010) suggest that XSPEC absorbed power law fits on 
LMXB will increase the value of Nh as a compensation for 
instances where there is a lack of a required thermal compo- 
nent. It was therefore appropriate to fit an absorbed multicol- 
ored disc blackbody model (phabs x diskbb in XSPEC) and 
contrast the two sets of fit results. 

The absorbed disc blackbody was the best-fit model for 
all four of the bright spectra (Table |2|i, with x?. < 1 • The 
addition of a second additive component, such as a power 
law, cut-off power law or compTT proved unnecessary, as 
their normalizations tended towards zero. Table |2] shows that 
the Nh in the phabs x diskbb fits is significantly less than 
for the phabs x powerlaw model, above the Galactic value 
and, for three of the spectra, consistent with the range of 
Nh (0.11-0.66) x 10^^ cm"^ inferred from Schreier et al. 
(1996). However, this is still less than our calculated average 
value (Nh ^ 0.6 x 10^^ cm"^) over a 2" region from a K-band 
optical depth map. These results suggest the source exhibited 
minor spectral evolution across the four bright observations 
(Fig. 

In order to test whether the apparent difference in absorp- 
tion between ObslD 7799 and the other spectra was a real 
effect or the result of stochastic spectral variation, a joint fit 
using the spectra from ObslDs 7797, 7798 and 7800 was per- 
formed, achieving xi ~ 48.5/53. This produced more con- 
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strained parameter values of Nh = 0.38 ± 0. 12 x 10^^ cm"^ and 
kTj„ = 0.60 ± 0.05 keV. The three observations would have 
luminosities of 1.28 x 10^** ergs"', 1.22 x lO-'^ ergs"' and 
7.2 X lO''^ erg s"' respectively. We investigated the spectral 
fitting behavior in the kTi„-NH plane across a 50 x 50 grid 
of the parameter space (Fig. |5]l. These results suggest that 
we can reject consistency of Nh at the 2a level between the 
joint fit and the fit to ObsID 7799. This does suggest that 
there is a genuine change in absorption local to the source 
during ObsID 7799. A change in local absorption has previ- 
ously been established in other BH systems. Oosterbroek et 
al. (1997) simulated spectra of various model parameters in 
an attempt to infer which change in parameter space could re- 
produce the observed color-color diagrams of GS 2023H-338. 
They concluded that a large increase in the local absorption 
was the best explanation of the observed color-color tracks, 
and speculated that the system could be inclined enough for 
the absorbing material to originate in the edge of the accretion 
disc. Such a change in absorption has also been reported from 
an extragalactic BH source, XMMU 122939.7H-07533 (Mac- 
carone et al. 2007). This was at first attributed to a warping 
of the accretion disc (Shih et al. 2008), but the presence of 
strong, broad OIII lines (Zepf et al. 2008) suggests a strong 
disc wind varies the amount of absorbing material along the 
line-of-sight. 

3. DISCUSSION 

In this section we compare the properties of the transient 
source CXOU J 132527.6-430023 to other XBs, both Galactic 
and extragalactic in origin, in the hope of finding well-studied 
analogues. The outburst duration is between ^50 and ^1500 
days. This is consistent with outbursts observed in many 
Galactic sources, which are active on timescales of months to 
years - much longer than so-called fast X-ray transients, for 
which the outburst duration is less than a day (Heise & Zand 
2005). The peak unabsorbed luminosity of ~ 2 x lO-'^ erg s"' 
is close to the Eddington luminosity of an accreting 1 .4 Mq 
NS; however, it is possible that the source reached its peak lu- 
minosity prior to first being detected. The nature of the com- 
pact object is ambiguous based solely on the luminosity. 

Samples of luminous LMXBs from NGC 3379 and NGC 
4278 have been used to give an indication of BH mass (Brass- 
ingtonetal. 2010, Fabbiano et al. 2010) based on the Lx-fcT;,, 
relation of Gierlihski & Done (2004). In agreement with the 
broad trend shown by these more luminous sources, the spec- 
tral fitting results for three of the CXOU J 132527.6-430023 
spectra are compatible with a ^ 10 Mq BH (Fig.|6]). The best- 
fit to ObsID 7799 yields a value of A^^ that is double that ob- 
tained from the other spectra (albeit they are constrained to 
90% uncertainties of ±50%). If this is not a real effect, then 
it could result in an artificial increase in the unabsorbed flux 
found from fitting. We find a 2a difference between the fits 
for this ObsID 7799 and a joint fit of the three other bright 
spectra (Fig. |5]l, indicating that a physical change near the 
source has occurred. The fitting parameters from ObsID 7799 
would be consistent with an ^ 18 Mq BH; however, it seems 
very improbable that the compact object gained, and then lost, 
so much mass during this time. 

The spectral fitting process resulted in a best-fit model of 
an absorbed multicolor disc blackbody (Table |2]i; the fits to 
the power law model lead to extremely steep spectra with 
r > 3.7 and can be ruled out. The absorption column pa- 
rameter is still above the Galactic value (0.084 x 10^^ cm"^); 
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Fig. 5. — 90% and 68% confidence regions with best-fit values (red 
crosses). Left: From joint spectral fit to ObsIDs 7797, 7798 & 7800. Right: 
From spectral fit of ObsID 7799. 

however, judging from the position of the source within Cen A 
(a = 13''25"'27.58'', S = -43°00'23."3, Fig. [p, this is not un- 
expected. The structure of the dust lane is complex, with 
the source residing in an ~ 2" radius quasi-circular region 
of lower density dust bordered by regions of higher den- 
sity, which complicates accurately computing the amount of 
absorption at the source location. All values of Nh from 
the spectral fitting are consistent with studies of the extinc- 
tion in the Cen A dust lanes (Schreier et al. 1996), with 
0.5 <Av< 3.0 indicating an A^^ of (0.1 1 - 0.66) x lO^^ cm"^ 
(Giiver & Ozel 2009). Analysis of the K-band optical depth 
map presented in Kainulainen et al. (2009) yielded a mean 
Ak = 0.325, indicating Nh ^ 0.6 x 10^^ cm"^, this would be 
almost double the absorption column found from three of the 
spectral fits. The Cen A ULX found by Sivakoff et al. (2008) 
- outside of the dust lanes - was found to have a similar ab- 
sorption column to CXOU J 132527.6-430023 but only when 
the source was in the steep power law state, the column ap- 
parently decreasing to consistency with the Galactic value as 
the thermal component began to dominate the spectrum. 

The inner-disc temperatures, A:?],, ~ 0.6 ± 0.1 keV, are 
softer than the spectra of NS LMXBs, which typically vary 
between 1-2 keV. This temperature is also below that of 
the ULX, which had kTi„ ^ 1 keV. Such soft spectra are 
reminiscent of Galactic BH transients in the thermal state 
(McClintock & Remillard 2005), and are not seen in NS 
LMXBs of comparable luminosity. The corresponding bolo- 
metric luminosities found from the spectral model are ^ 
1.4 X lO-'^erg s"', which equates to ^ 10% Eddington for a 
10 Mq BH; consistent with known BH systems in the ther- 
mal state. A NS primary emitting at LEdd seems unlikely 
based on comparison with Galactic analogues. None of the 
brighter persistent (Z-track) sources exhibit spectral states as 
soft, and the only bright NS LMXB transient, XTE J 1701- 
462, exhibited 'Atoll-like' behavior (harder spectra) in the 60 
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days prior to its return to quiescence. Spectral fits of absorbed 
disc blackbodies to M 31 XBs have also produced kTj„ of 0.3- 
0.6 keV, such as XMMU J004144.7H-41 1 1 10 (Trudolyubov et 
al. 2006). This source has an estimated unabsorbed luminos- 
ity of 3-4 x lO-'^ erg s"' for the best-fit spectral model of an 
absorbed disc blackbody with kTj„ 0.6 - 0.8 keV. Power law 
fits resulted in F ^ 2.8-3.3 and a column density far in excess 
of Galactic absorption, while the disc blackbody fits resulted 
in Nh only double that of the Galactic value, very similar be- 
havior to our ti-ansient. XMMU J004144.7H-41 1 1 10 also lacks 
an optical counterpart (iiiy > 21). 



T 1 0" 

cn 
0) 




kT (keV) 



Fig. 6.— Comparison of Lx-kTj,, for CXOU J132527.6-430023 (orange 
with points) witli otlier sources in the thermally dominant state both outside 
(magenta) and inside (light blue) the Local Group. We make use of the spec- 
tral fitting results from sources in NGC 3379 (Brassington et al. 2010) and 
NGC 4278 (Fabbiano et al. 2010). The Local Group sample is based on 
spectral fits to Galactic (McClintock and Remillard 2005, Soria et al. 2011) 
and M 3 1 (Trudolyubov 2006, Stiele et al. 20 11) sources with Lx adjusted to 
the 0.5-7.0 keV band using Xspec. Lines of constant BH mass with increas- 
ing kTi„ for 10 Mq, 5 Mq and 2.5 Mq BH are based on the prescription of 
Gierliiiski & Done (2004) and assumptions of Brassington et al. (2010). 



CXOU J132527.6-430023 shows that our study of XB out- 
side the Local Group is starting to probe lower-luminosity BH 
LMXB with properties more typical of Galactic sources (Fig. 



|6ll. For the time being, Cen A contains the only population 
of such objects (lO^-lO^^ erg s non-Local Group) that 
can be subjected to meaningful spectral fitting. In future pa- 
pers (Burke et al., in prep.) we will report on detailed spec- 
tral analysis of the Cen A XB population of sources with Lx 
> 10^^ erg s~' which will, for the first time, allow contrast be- 
tween the nature of typical LMXBs in our galaxy with analogs 
from beyond the Local Group. 

4. CONCLUSION 

We believe that the following evidence makes a strong case 
for CXOU J 132527.6-430023 being a transient BH LMXB 
candidate. 

(i) Long-term Variability. The absorbed flux varies by a fac- 
tor > 100 between quiescent and active states on timescales 
of months. This behavior favors a low mass companion, as 
all dynamically confirmed BH HMXB systems (Cyg X-1 in 
flie Milky Way, LMC X-1 & LMC X-3 in the Large Magel- 
lanic Cloud) show persistent X-ray emission (McClintock & 
Remillard 2005). This stated, there is now a very strong case 
for a BH in HMXBs Cyg X-3 (Shrader et al. 2010) and SS433 
(e.g. Blundell et al. 2008), both of which show considerable 
long-term variability. To date, such variability has been ob- 
served in very few NS LMXB systems, while all confirmed 
BH LMXB, confirmed by direct measurement of the radial 
velocity and spectral type of the companion, are transients. 

(ii) Spectral fitting results. The best-fit model of an ab- 
sorbed disc blackbody with a measured inner disc temperature 
of '~-^0.6keV is softer than is typical of NS LMXBs emitting at 
similar luminosities, and is characteristic of several observed 
BH systems in the thermal state. The values of Nh retrieved 
from fitting are consistent with those derived from source po- 
sition in K-band optical depth maps that were presented in 
Kainulainen et al. (2009). This is not the case for the ab- 
sorbed power law model, which required an extremely steep 
spectral slope, a much larger value of absorption column and 
achieved a less likely best-fit. 

The parameter values of the best-fit absorbed disc black- 
body model are typical of an accreting lOM© black hole 
in the thermally dominant state. If indeed this source is an 
accreting BH, it is the first confirmed transient non-ULX 
black hole system in outburst to be identified outside the 
Local Group. 
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